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Abstract 
The larval ontogeny of a developmental series (1 .2-8.3 mm body length, BL) of 
Synagrops philippinensis from Kagoshima Bay, Southern Japan is described and 
illustrated. The yolk was completely absorbed in larva of ~1.5 mm BL. 
Notochord flexion commenced at about 3.5 mm BL and was completed by 
about 4.0-4.5 mm BL. 5. philippinensis larvae were distinguished from their 
congeners based on melanophore patterns, head spination and fin spines and 
rays. Larvae of 7.5-8.3 mm BL were characterized by anteriorly serrated pelvic 
spine, two anal spines, nine inner preopercular spines and no melanophore on 
lateral side of the caudal peduncle; 7.0 to 7.5 mm BL larvae by the above 
characters except serration on pelvic spine; and yolk-sac, preflexion, flexing and 
postflexion larvae up to 7.0 mm BL by unique melanophores on lower lobe of 
pectoral finfold/fin. 
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Introduction 
The genus Synagrops is the most speciose in the family Percichthyidae with 
more than 10 species (Schultz 1940, Kotthaus 1970, Garzon and Acero 1986), 
and is distributed in tropical and subtropical waters of Western Atlantic Ocean, 
Gulf of Mexico, Caribbean sea, Suriname, the Philippines, Indonesia, Australia, 
India, Japan, the Western Pacific, the Hawaiian Islands, the Indian Ocean and 
South Africa (Fujii 1983, Mochizuki 1984, Mochizuki and Sana 1984). 
The fishes of the genus Synagrops are characterized with the following: body 
elongated, laterally compressed, covered with large deciduous cycloid scales; 
eyes large, upper side of the head with muciferous cavities, mouth large and 
oblique; a narrow band of villiform teeth in the jaws, on the vomer and palatine 
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bones, with the addition of a pair of canine teeth in the upper jaw, and a series 
of similar teeth in the lower; opercle with two flat spines, margins of subopercle 
and interopercle finely serrated; two separate dorsal fins, the first with VIII-X 
spines and the second with one spine and 8-10 softrays; anal with II-III spines 
and 6-9 softrays; pectoral with 1 5-18 softrays; and pelvic with one spine and five 
softrays (Fujii 1983, Goode and Bean 1984, Mochizuki and Sana 1984, Leis and 
Trnski 1989). 
According to Hatooka (1993), the following five species occur around Japan: 
5. japonicus (Steindachner et Doderlein), 5. phi/ippinensis (Gunther), 5. spinosus 
(Schultz), 5. serratospinosus (Smith et Radcliffe) and 5. ana/is (Katayama). In 
Kagoshima Bay, lmai and Nakahara (1969) reported 5. japonicus and 5. 
philippinensis as adults. The body shape and colour of 5. phi/ippinensis 
resemble those of 5. japonicus and 5. ana/is, but the former is easily 
distinguishable by the following characters: anteriorly serrated pelvic spine, anal 
fin with two spines and seven softrays and 16 rays in pectoral fin (Mochizuki 
1984). 
Konishj (1988) reported very briefly some characters of a 10.7 mm BL larva 
of 5. japonicus and a few larvae larger than 2.8 mm BL of 5. phi/ippinensis. 
During the ichthyoplankton survey in Kagoshima Bay, among the 5ynagrops 
species only 5. philippinensis larvae were identified and it was found that the 
descriptions of Konishi (1988) are now considered to be incomplete with some 
characters being not illustrated that may be of diagnostic value for species 
identification. In this paper, the early ontogeny of 5. philippinensis is described 
including important diagnostic characters. 
Materials and methods 
The specimens used in this study were collected from l<agoshima Bay 
fortnightly or monthly from October 183 to December 193 on board the R/V 
11 Shiranami 11 (1.5 tons) of the Laboratory of Fisheries Biology, Kagoshima 
University, Japan, principally from 14 fixed stations (Fig. 1 ). 
A cylindrical-conical type net (1.3 m in diameter, 4.5 m in length and 0.51 
mm in mesh size) was towed in step hauls using 50 and 1 00 m rope lengths (5 
min for each) at a speed of about 2 knots. A flowmeter (TSK) was set at the 
centre of the mouth of net to get data necessary for computation of the volume 
of water filtered. 
Each set of collections in the middle and inner parts, usually required a full 
day, was termed a cruise. In each month, samples were collected during 
daytime just after the middle of each month normally in two consecutive days, 
one day for nine fixed stations of the middle part and on the other day for five 
fixed stations of the inner part (Fig. 1 ). In addition, from November 183 to 
October 184, an additional cruise was made just after the beginning of each 
month. Due to bad weather condition and/or mechanical problems, sometimes 
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it was not possible to collect the samples. In total, 1556 collections from 121 
cruises were made for the study. 
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Fig. 1. lchthyoplankton sampling stations in Kagoshima Bay. 
On board, the samples were cleaned of any twigs, leaves, large 
ctenophores and coelenterates and were immediately preserved in 
approximately 5% buffered formalin in sea water. In the laboratory, fish larvae 
were sorted out under a magnifying glass and were preserved in 70% ethyl 
alcohol. A total of 3656 (1 .2-8.3 mm BL) 5. philippinensis larvae were identified 
after Konishi (1988), and Leis and Trnski (1989). To identify the smallest larvae 
(the yolk-sac bearing ones, about 1 .2-1 .4 mm BL) from other ichthyoplankton in 
the samples, a deyelopmental size-series from the largest available specimen to 
the smallest one was sorted out tracing the external morphological characters 
discernible on the largest to the smallest specimens. The series was linked 
together by myomere counts, pigment patterns, head spination and in larger 
larvae and juvenile specimens, counts of other meristic characters (fin spines, 
rays etc.). 
All of the Synagrops larvae collected from the bay were classified as 5. 
philippinensis with the following diagnostic characters: ::::7.5 mm BL larvae and 
early juveniles with anteriorly serrated pelvic spine, two anal spines, nine inner 
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preopercular spines, and no melanophore on lateral side of the caudal peduncle; 
7.0 to 7.5 mm BL larvae with all of the above characters except serration on 
pelvic spine; and yolk-sac, preflexion, flexing and postflexion larvae up to 7.0 
mm BL by melanophores on lower lobe of pectoral finfold/fin.The larvae were 
examined under a dissecting microscope and measured using an ocular 
micrometer. Some larvae were temporarily stained with methylene blue for 
clear observation of spines and finrays. For definitions and measurements Leis 
and Trnski (1989) was followed. Body lengths (BL) were notochord length in 
larvae prior to the completion of notochord flexion and standard length 
thereafter. 
Results 
Early ontogeny 
The yolk was not completely absorbed in the smallest larvae (1 .2-1.4 mm 
BL) of the present samples (Fig. 2A). Notochord flexion was found to 
commence at about 3.5 mm BL and completed at about 4.0-4.5 mm BL (Fig. 
2D). All of the finrays became clear at about 8.0 mm BL (Fig. 2G). 
Fig. 2. Larvae of Synagrops philippinensis. A, 1.4 mm BL; B, 2.1 mm BL; C, 3.4 mm BL; 
D, 4.2 mm BL; E, 5.5 mm BL; F, 7.0 mm BL; G, 8.3 mm BL; H, 6.1 mm BL (dorsal view); 
I, 5.5 mm BL (ventral view) .. 
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Body form 
Body was found to be elongated and compressed laterally (Fig. 2). Head was 
large (about 30-35% of BL). The snout was short, initially concave but became 
rounded at the beginning of flexion. Eyes were round and large in preflexion and 
flexing larvae (about 35% of HL) (Fig. 2A-D) and moderate in postflexion larvae 
and early juveniles (about 30% of HL). Mouth was large, remarkably oblique and 
was almost vertical when closed. The maxilla almost reached the horizontal line 
from the anterior edge of pupil. A short projection was present at the tip of 
lower jaw in larvae of ~7.0 mm BL (Fig. 2F-G). 
Teeth 
Minute villiform teeth developed on both jaws at about 2.1 mm BL, and 
were found to remain small throughout early ontogeny. Large canine teeth were 
not developed even in the largest collected specimen. 
Head spination 
Small to moderate spines developed on preopercle, supraoccipital crest, 
supraocular ridge, supracleithrum, maxillary, subopercle, interopercle, 
posttemporal in this order (Fig. 2). A strong opercular spine developed at about 
3.2 mm BL (Fig. 2C). The larvae less than 2.0 mm BL were devoid of head 
spination. Three smooth spines appeared on the outer margin of preopercle at 
about 2.1 mm BL (Fig. 2B) and increased in number up to 11 of different sizes 
with development, decreasing upwards and anteriorly with the largest spine at 
the angle, and the number of anterior spines was more than the posterior 
spines (Fig. 2C-G). On the inner margin of preopercle three small spines 
appeared at about 2.5 mm BL, increased to a fixed number of nine almost equal 
in size at about 7.0 mm BL (Fig. 2G). A single spine of supraoccipital crest 
appeared at about 2.1 mm BL (Fig. 2B) and increased in number to mostly 3 or 
rarely 4 with development. Supraocular ridge with single spine appeared at 
about 3.0 mm BL and remained the same in larger specimens (Fig. 2C-G). A 
small spine developed on supracleithrum at about 3.0 mm BL and increased 
into two in specimens beyond about 5.5 mm BL (Fig. 2C-G). Two maxillary 
spines, one very small and one a little larger, appeared at about 3.0 mm BL. A 
subopercular spine and an interopercular spine appeared at about 3.5 mm BL 
(Fig. 2C-D), and the number of subopercular spine became two at about 6.0 
mm BL. A small posttemporal spine appeared at about 7.5 mm BL. A frontal 
spiny ridge on each lateral side appeared at about 4.2 mm BL (Fig. 20). All the 
spines and ridges progressively degenerated after the beginning of juvenile 
stage. 
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Fin formation 
Completion of fin development in 5. philippinensis occurred in the 
sequence as follows: caudal and first dorsal (almost simultaneously), second 
dorsal, anal and pelvic (almost simultaneously), and pectoral. 
Pectoral finfold with rudimentary rays became visible in larvae of about 2.0 
mm BL. Rudiments of hypural elements like triangular thickening, anlage of 
dorsal and anal fins and pelvic bud as slight swellings on either side of the gut 
developed almost simultaneously just prior to or at the beginning of caudal 
flexion at about 3.2-3.5 mm BL (Fig. 2C). Principal rays, 9 + 8 of caudal fin and IX 
spines of first dorsal were the first to complete at about 5.5 mm BL. The second 
dorsal fin (one spiny and nine softrays) completed with the modification of the 
anteriormost finray into spine at about 6.0 mm BL. Followed by anal (two spiny 
and seven softrays) and pelvic fins (one spiny and five softrays) almost 
simultaneously at 6.2-6.5 mm BL. The serration at the anterior edge of pelvic 
spine appeared at about 7.5 mm BL (Fig. 2G). The pectoral finrays (16 rays) 
developed at about 8.0 mm BL. 
Pigmentation 
The larvae of 5. philippinensis were moderately pigmented. The major 
characteristic pigments were on the lower lobe of pectoral fin, fore and 
hindbrain, nape, base of the first dorsal fin, on the gut and surface of gas bladder 
(Fig. 2). 
The smallest larvae (1 .2-1.4 mm BL) had melanophores on the tip of lower 
jaw, angle of lower jaw, forehead, on oil droplet, lower lobe of pectoral finfold 
and on gut (Fig. 2A). The melanophores on the lower lobe of pectoral fin were 
present in larvae up to 7.0 mm BL (Fig. 2F). At about 1.7-2.0 mm BL, 
melanophores appeared on fore and hindbrain, opercle, nape, chin and gas 
bladder, and those on forehead in yolksac larvae moved on the tip of upper jaw 
(Fig. 2B). At about 3.5 mm BL, melanophores appeared between the mandibles 
(Fig. 2C-G, 21) and those on opercle increased in number and spread throughout 
the opercle. The melanophores on hindbrain intensified and those on nape 
extended posteriorly as a double row (Fig. 2C, 2H) to the base of first dorsal fin 
anlage. At about 4.2 mm BL, melanophores appeared at the bases of second 
dorsal (20, 2H) and anal fins and dorsally on caudal peduncle (Fig. 20). At about 
. 5.5 mm BL, melanophores appeared ventrally on caudal peduncle, those on 
angle of lower jaw disappeared and those on tip of lower jaw reduced to a 
minute dot shape, became internal and sometimes not discernible. At about 7.0 
mm BL, melar10phores on opercle reduced in number and intensity, those on 
forebrain and lower lobe of pectoral fin became faint, and those on caudal 
peduncle dorsoventrally increased in number and intensity. Beyond 7.5 mm BL 
melanophores on forebrain and lower lobe of pectoral fin disappeared .(Fig. 2G). 
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Discussion 
Considering the area of collection of samples for the present study 
(Kagoshima Bay, Southern Japan), 5ynagrops larvae could be one of the two 
resident species as adult in the area (lmai and Nakahara 1969): 5. japonicus or 
5. philippinensis. The presence of anteriorly serrated pelvic spine and two anal 
spines (characteristics of adult 5. phllippinensis) and smooth preopercular spines 
in the largest specimens collected eliminated the chances for them to be 5. 
japonicus, having smooth pelvic spine and serrated preopercular spines (Konishi 
1988), in the identification of the larvae. The adults of 5. ana/is and 5. 
serratospinosus bear anteriorly serrated pelvic spine. 5. ana/is has three anal 
spines in contrast with two in 5. philippinensis, and 5. serratospinosus has 17 
pectoral finrays and distinctly serrated second spine of anal fin, second spine of 
first dorsal fin and spine of second dorsal fin in contrast with 16 pectoral finrays 
and smooth dorsal and anal spines in 5. philippinensis (Mochizuki 1984). These 
characteristics confirms identification of the present specimens as 5. 
philippinensis. 
Some of the pigmentation of S. philippinensis larvae described here are 
similar to those illustrated by Konishi (1988). The melanophores on the lower 
lobe of pectoral fin were not described or illustrated and the head spination (e.g., 
preopercular, supraocular and supraoccipital) were not clearly described in 
Konishi (1988) which may be the useful diagnostic characters for the species. 
In this study, the yolksac bearing larvae of S. philippinensis were identified 
with two melanophores on lower lobe of pectoral finfold, 25 myomeres and 
elongated body shape. Preflexion, flexing and postflexion larvae up to 7.0 mm 
BL were identified with melanophores on lower lobe of pectoral fin, smooth 
preopercular spines, only one supraocular spine and three rarely four spines on 
supraoccipital crest. Larvae of 7.0-7.5 mm BL with nine small inner preopercular 
spines, in addition to above characters except melanophores on pectoral fin; 
and those of :;:::7,5 mm BL and early juveniles in addition to above characters 
with anteriorly serrated pelvic spine and two anal spines which are characteristic 
to adults. 
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